where R is the universal gas constant, T is the temperature, and µ and D are adjustable parameters. The adjustable parameters are further related via the Gibbs-Duhem equation [6] , leaving only five fitting parameters. In addition, the value of A can be expressed using the dielectric constant of the water model, κ, as [9, 10] A = 1.824 · 10
We calculated the dielectric constant via a molecular simulation of pure water in either isobaric-isothermal or canonical ensembles. The rest of the parameters were obtained by minimising the sum of squares of the deviations of simulated equilibrium concentrations from the approximation functions (S1) and (S2). In principle, A can be also treated as an adjustable parameter which results in larger uncertainty of the fit at low concentrations [6] . In order to find the solubility value in the bulk phase, we calculated the chemical potential of crystalline salt, µ NaCl (s), by the Frenkel-Ladd method [11] . We simulated the crystal of NaCl in periodic boundary conditions employing a different number of ions to minimise finite-size effects, and extrapolated the results of µ NaCl (s) to the thermodynamic limit. The solubility is then determined as the concentration at which µ NaCl (s) = µ NaCl , where µ NaCl is given by Eq. (S1). Therefore as the inputting chemical potentials to the GCMC simulations of the clay systems, we used a value of µ NaCl (s) for µ NaCl and a value of µ H 2 O obtained from Eq. (S2) at the calculated solubility.
In addition, we also considered confined solutions in equilibrium with the bulk solution at 365 K and 275 bar, and a concentration corresponding to the experimental solubility, m se bulk = 6.6 kg/mol, at 365 K and 1 bar [12] . The inputting chemical potentials µ NaCl and µ H 2 O are then given by Eqs. (S1) and (S2), respectively, evaluated at m se bulk .
S2 Simulation Details
In both the GCMC and OEMC simulations, we split the insertion/deletion of a water molecule to five sub-processes of different λ values and the change of the NaCl amount to 15 such sub-processes (cf. Eq. (4) in the main text), and we used R s = 2.5Å. In the GCMC simulations, we employed a spherical cut-off R c = 8.9 and 12Å for pyrophyllite and Na-montmorillonite (Na-MMT), respectively, and neglected the corresponding longrange tail corrections. In the OEMC, we used the standard spherical cut-off R c = 9Å and the tail corrections for homogeneous bulk systems [13] . We treated the electrostatic interactions by the standard Ewald summation (ES) method [13, 14] since the supercells employ periodic boundary conditions in all three directions, and we used the value of the Ewald screening parameter α = π/R c . No dipole corrections were employed to compensate for the symmetry of the slit pore. We further utilised 15 × 15 × 91 and 15 × 27 × 91 vectors in the reciprocal space for the pyrophyllite and Na-MMT supercells, respectively, and 15 × 15 × 15 vectors in the OEMC simulations. In the GCMC, we selected different Monte Carlo (MC) steps randomly with probabilities of 0.1, 0.1, 0.3, and 0.5 corresponding to a change of the numbers of the particles, translation of an ion, translation of a water molecule, and rotation of a water molecule, respectively. In the OEMC at a fixed number of water molecules, we used the probabilities of 0.004, 0.1, 0.1, 0.496, and 0.3 for a volume change, a change of the number of the ions, translation of a fractional ion, translation of a fully-interacting ion, and rotation of a water molecule. In the OEMC at a fixed number of ions, we utilised the probabilities of 0.004, 0.1, 0.1, 0.1, 0.396, 0.3 for a volume change, a change of number of water molecules, translation of a fractional water molecule, rotation of a fractional water molecule, translation of a fullyinteracting water molecule, and rotation of a fully-interacting water molecule. Typically, about 7 × 10 9 MC steps were attempted during the OEMC and GCMC simulations.
Molecular dynamics (MD) simulations were performed with the LAMMPS code [15] , employing a spherical cut-off R c = 12Å. In the MD simulations, we treated the longrange electrostatic interactions by the particle-particle particle-mesh (PPPM) algorithm [16] with a precision of 1 · 10 −4 [17] . We further used a time step of 1 fs and the MD simulations were typically run for 2 ns. For the pyrophyllite, we found that the use of the slab geometry gives the same results as use of the supercell set-up. In our slab-geometry set-up, two parallel walls separated by a distance H formed a slit, and the individual periodic images of the slit were separated by a distance of 100Å in the z-direction. For the slab geometry, we employed the standard ES or PPPM techniques with the Yeh-Berkowitz correction [18] .
S3 Results for the Bulk Phase
The simulation results for the chemical potentials of NaCl and water, µ NaCl and µ H 2 O , and the density of aqueous NaCl solution, ρ s , as a function of concentration, m, at a temperature of 365 K and a pressure of 275 bar are shown in Fig. S1 . Besides the simulation data, we also plot the approximation curves corresponding to Eqs. (S1) and (S2) with the fitting parameters listed in Table S1 , and a cubic polynomial regression curve representing the values of ρ s . The values of the chemical potentials used in this work were considered with respect to the ideal-gas standard chemical potentials corresponding to the standard Gibbs free energy of formation in the NIST-JANAF thermochemical tables [19] : µ In Fig. S1 , the µ NaCl (m) curve exhibits an increasing concave behaviour which continuously changes from a logarithmic dependence at low concentrations to almost linear dependence at high concentrations. Similar behaviour was observed in previous studies at different thermodynamic conditions, see e.g. Refs. [4, 8, 10] . The µ H 2 O (m) curve is also concave over the entire range of concentrations, and its decreasing dependence on concentration is weaker when compared with the µ NaCl (m) curve. Use of the Frenkel-Ladd method resulted in the value of the chemical potential of crystalline NaCl, µ NaCl (s) = −376.30 kJ/mol, which is indicated by the dashed horizontal line in µ NaCl (m) portion of Fig. S1 . At the intersection of µ NaCl (s) with the µ NaCl (m) curve, the solid and liquid phases are in an equilibrium and the value of the solubility in the bulk phase, m sm bulk = 3.14 3 mol/kg, can be found on the molality axis, and is indicated by the first of the two solid vertical lines. The intersections of this vertical line with the µ H 2 O (m) and ρ s (m) curves then yield, respectively, the chemical potential of water, µ H 2 O = −229.12 kJ/mol, and the density of the saturated solution, ρ s = 1082.6 5 kg/m 3 . For the GCMC simulations of clay pores in equilibrium with the bulk reservoir of a concentration of 6.6 mol/kg (supersaturated phase with respect to the model, and indicated by the second vertical line in Fig. S1 ), the inputting µ NaCl and µ H 2 O are given by Eqs. (S1) and (S2) and they equal to −368.58 kJ/mol and −229.78 kJ/mol, respectively. In addition, ρ s = 1175.0 5 kg/m 3 was obtained from the ρ s (m) curve of Fig. S1 . A value of the chemical potential for water at zero concentration was obtained by a set of OEMC simulations with zero ion pairs and the value of inputting µ H 2 O varied from −229.1 to −228.5 kJ/mol. The interval corresponds to the vicinity of an extrapolated value of µ H 2 O to zero concentration as obtained by Eq. (S2). Such OEMC simulations never reach an equilibrium and the number of water molecules either continuously increases or decreases. The value of µ H 2 O at zero concentration then corresponds to a turning point between cases with increasing and decreasing numbers of water molecules. Such an approach was used in our previous work and yields results with relatively small statistical uncertainty of the chemical potential for pure water [20] .
We also verified our OEMC methodology by (i) reproducing published simulation results at different thermodynamic conditions [10] and (ii) simulating the NaCl chemical potential using the Multi-Stage Free Energy Perturbation (MSFEP) method [4] ; see also Fig. S1 . As evident from Fig. S1 , the results either agree within statistical uncertainties with the published simulation results [10] or they are consistent within statistical uncertainties with MSFEP results.
The value of parameter A reported in Table S1 was obtained using Eq. (S3) and a value of water dielectric constant, κ, from isobaric-isothermal MC simulation at T bulk and P bulk . The simulated κ was then verified by MC simulation in a canonical ensemble using the fluctuation formula
In Eq. (S4), M is the magnitude of the total electric dipole moment of the bulk solution in a simulation box with the volume V , 0 is the permittivity of free space, and k is the Boltzmann constant. Kolafa and Viererblová [21] have shown that Eq. (S4) can be efficiently used when the saturation of polarization is in the range from 0.05 to 0.1. In our simulation, the value of the saturation is 0.088 and the simulations result in κ = 52.45 1 . 
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Na-montmorillonite, mbulk=3.14 mol/kg mbulk=3.14 mol/kg pyrophyllite, mbulk=6.6 mol/kg Na-montmorillonite, Figure S3 : The atomic density profiles, ρ α (z), for the pyrophyllite and Na-montmorillonite in equilibrium with the bulk solution of the salt concentrations 3.14 and 6.6 mol/kg at a temperature of 365 K and a pressure of 275 bar, showing interlayer ions, Na + (black) and Cl − (green), water oxygen (red), and water hydrogen (blue). H = {18, 20, 22, 24, 26, 28}
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